Recovery and recycling of electric arc furnace (EAF) dust are not enough although containing iron and zinc as metallic resource. Conventionally the EAF dust is collected by a bag filter after being completely cooled down, and half of the dust collected is re-melted in the melting furnace such as the Wealz kiln and the other is treated by sanitary landfill. This re-melting method is quite energy-and time-consuming with environmental problems. Therefore, a new dust treatment process using a coke bed filter, proposed by JRCM (The Japan Research and Development Center for Metals), was fundamentally studied, in which various carbonaceous materials were mainly examined to determine a packed material of the filter. In the cold experiments, adsorb property of the simulated EAF dust was evaluated by using six carbonaceous materials; charcoal, graphite, EAF coke, BF coke, pitch coke and carbonized RDF (Refuse Derived Fuel). The sample was suspended under the flowing condition of particles with average diameter of 300 nanometer and its weight changes due to adsorption were monitored by a high-accuracy balance. As a result, 1) the weight increase depended strongly on a kind of samples. Interestingly, the carbonized RDF with largest BET specific area is most adsorbable and the graphite with smallest BET specific area is least.
Recovery and recycling of electric arc furnace (EAF) dust are not enough although containing iron and zinc as metallic resource. Conventionally the EAF dust is collected by a bag filter after being completely cooled down, and half of the dust collected is re-melted in the melting furnace such as the Wealz kiln and the other is treated by sanitary landfill. This re-melting method is quite energy-and time-consuming with environmental problems. Therefore, a new dust treatment process using a coke bed filter, proposed by JRCM (The Japan Research and Development Center for Metals), was fundamentally studied, in which various carbonaceous materials were mainly examined to determine a packed material of the filter. In the cold experiments, adsorb property of the simulated EAF dust was evaluated by using six carbonaceous materials; charcoal, graphite, EAF coke, BF coke, pitch coke and carbonized RDF (Refuse Derived Fuel). The sample was suspended under the flowing condition of particles with average diameter of 300 nanometer and its weight changes due to adsorption were monitored by a high-accuracy balance. As a result, 1) the weight increase depended strongly on a kind of samples. Interestingly, the carbonized RDF with largest BET specific area is most adsorbable and the graphite with smallest BET specific area is least.
2) The adsorption of submicron particles occurred within the sample, not on the surface. 3) a porous material having 1 to 10 m in pore size with larger BET specific area is absolutely effective for collecting the EAF dust. In other words, the pore for collecting particles should have one-order-larger size than the particle. SEM observation of the coke used in the pilot plant also suggested the validation of the conclusion obtained. KEY WORDS：Recycling, Coke Filter, Carbonaceous Material, Submicron Particle, Adsorption 1．Introduction Nowadays, 32.8 % of crude steel is produced by the electric arc furnace (EAF), reaching 29.83 M ton / year in Japan. At the same time, the EAF also discards dust as much as 5 × 10 5 kg / year, whose main component is ferric and zinc oxides. The dust collected is conventionally treated by heating again, to recover zinc oxide with much energy requirement. As a result, only about 65 % of the dust collected is recycled at the present. The un-recovered EAF dust causes a social problem due to shortage of reclamation disposal.
Faced problems of the conventional method are that; 1) it does not to recover sensible heat of the high-temperature dust at all, 2) it needs the complicated, energy-consuming processes for treating the cold EAF dust, and 3) the product is zinc oxide, not metallic one. (see Fig.1 (A) temperature and reducible atmosphere (JRCM NEWS, 1998; Sato and Okada, 1999; Yasui et. al., 2000; Akiyama et. al., 2001) . It will offer the two outstanding benefits; saving energy and environment preservation. Figure 1 (B) shows the JRCMproposed (The Japan Research and Development Center for Metals) process (JRCM NEWS, 1998), based on this concept. This process consists of a coke bed filter and a zinc condenser. The coke bed filter separates an iron-containing material from the high temperature waste gas, and the zinc condenser quenches zinc-containing gas for obtaining metallic zinc. The functions of the coke filter there are; 1) to separate iron containing material from hot waste gas, 2) to reduce iron oxide by controlling the atmosphere with high concentration of CO, and 3) to save electric energy by introducing the coke into the EAF after the filtering.
Dense ceramic has been conventionally employed, as a high-temperature filter of the combustion waste gas. The concept of the coke bed filter is newly proposed here. Development of the porous coke filter is a key technology from high recovery efficiency of an iron-containing material at high temperature, however such a coke filter has never been reported yet. In particular, filtering property of solid / liquid fine by the coke bed at the top of the EAF is not clear at all.
Therefore, the aim of this paper is to experimentally study the filtering property of simulated combustion waste gas by using various carbonaceous materials, for obtaining fundamental information of the packed bed filter at high temperature. The adsorption rates of submicron particles in the waste gas were monitored from weight changes by using six kinds of carbonaceous materials, and then the mechanism of the adsorption was discussed, based on the pore structure of the samples prepared. Table 1 indicates physical property of six kinds of carbonaceous materials used for the experiments, together with poros-ity measured by a mercury porosi-meter, and surface area based on B.E.T. (Brunauer-Emmett-Teller) method. Here, the sample A is a carbonaceous material of RDF (Refuse Derived Fuel), industrially carbonized at 973 K from the RDF (Uesugi et. al. 1999) . Regarding to coke, three samples B, C and D with a typical chemical composition were selected among of 20 candidates. Table 2 shows the chemical composition of the samples used. The sample E; charcoal, is a reagent and the sample F; graphite, is commercially available. The general waste becomes RDF through selecting a carbonaceous material, crushing, compressing and drying. The resulting volume of the RDF reduces one fifth.
2．Experiment 2・1 Samples
2・2 Experimental apparatus and method Figure 2 shows the experimental apparatus for measuring weight changes of the sample. It has the two parts of the submicron particle generator; number 3, 4, 5, 7b, and the weight monitoring part of the sample; number 1, 2, 6, 7a. The dust from EAF was simulated by combusting a joss stick. The dust generation was measured by the balance with accuracy of 0.1 g. The high sensitivity balance with accuracy of 0.01 mg was also used for monitoring weight change of the sample; namely, adsorption rate of submicron particle, generated by a joss stick. Initial mass of the various samples was 5 g. Samples were 96〈28〉 資源と素材 118 (2002) N o.2 Table 1 Sample prepared for adsorption experiment. placed in the cage of steel mesh, which was quadratic prism; 25 mm × 25 mm × 30 mm. Not only bottom but also four sides plain of the cage were mesh. The experimental time was determined to be seven hours from the weight of joss sticks.
It is well-known that chemical composition of the EAF dust collected after cooling is a mixture of iron and zinc oxides with over 10 m in dimension, however the sampling tests (Private communication) recently revealed that the particles in the hot waste gas just above the EAF are only 50 to 500 nm in the form of ZnO and ZnFe 2 O 4 . The difference of dust size is caused by a fact that the particle generated as solid or liquid gradually grows with cooling due to agglomeration. Thus, we should pay more attention to submicron particles rather than micrometer ones in developing the filter. From theory of dust collection (Green, 1984) , the principal mechanism of aerosol deposition that applied in dust collections are 1) gravitational deposition, 2) flow-line interception, 3) inertial deposition, 4) diffusional deposition, 5) electrostatic deposition and 6) thermal deposition, which are strongly influenced by particle size. Therefore, for selecting particle simulated for EAF dust, we focused on the particle size as same as EAF dust. According to the information of Japanese Industry Standard (JIS, 1988) , the smoke generated by a joss stick was most adjustable as simulated, dust of the EAF from the viewpoint of the particle size, because the particle in the smoke is reported as 0.3 m in average diameter of particles generated.
During the experiments, much attention was paid to keep the constant combustion rate of the joss stick without extinction. For this reason, air was supplied into the apparatus at the rate of 1.7 × 10 -5 m 3 / s (NTP) by the roller pump. The resulting combustion rate evaluated from the weight decrease of the joss stick was successfully constant. Figure  3 shows the weight changes of the joss stick with time due to the combustion. The combustion rate of the joss stick was 7.5 × 10 -7 kg / s with well-reproducibility.
3．Results and Discussion 3・1 SEM observation Figure 4 is the SEM photograph of the cross sectional area of the sample E, not surface one, after the sample was physically splitted. We can see the particles attached to the samples. The micro view (b) also suggested that the parti-cles collected were very spherical. We can explain that they are particles generated by the joss stick, from a fact that they appeared in the SEM photograph only after the experiments. According to the image analysis of the micro view, average diameter of the particles was about 0.41 m, having local distribution from 250 to 3,000 nm in dimension; this value is almost the same as 0.3 m reported in the JIS (JIS, 1988) . In addition, it is well known that distribution of particles size of joss stick smoke is quiet narrows. The JIS reported they are mono-dispersion. The result also revealed an important fact that fine particles of smoke were collected not only on the surface of the sample but also within the pores of the samples. Figure 5 shows weight changes of various carbonaceous materials with time under the sample atmosphere of a joss stick. If fine powder is collected on the surface of the sample, the weight increase of the sample should be same. However the final weight increase of the samples after seven hours were absolutely different. The sample A; a carbonaceous material of RDF, showed the biggest weight increase. The final weight increase was 130 mg, corresponding to 2.6 percent of the initial mass of the sample. The second largest weight increase was the sample E; charcoal, and third largest ones, the samples B, C and D. The sample F; graphite, was always the smallest during the experiment. A dense alumina ball with diameter of 3 mm, as a reference, showed no weight increase at all.
3・2 Weight increases due to adsorption
The preliminary test (Private communication) was done to examine samples B, C and D by using the smoke of a cigarette or a joss stick for 30 to 60 minutes. The result showed the weight increases of three samples were completely different in the order of D > B > C. It agrees with this study's results. In addition, weight of the sample A and E did not change after 15 ks (about four hours). Most of the fine particles were taken by the adsorption seat of the sample at the early stage, then reaching steady state because of few free seats for the adsorption. The main reason of the weight decrease was probably that fine particles fell from the surface of the sample and a cage. Four kinds of other samples showed the tendency of weight increase after seven hours, without delay.
The active carbon, 44.6 % in porosity and 1,163 m 2 / g in BET surface area, was used for the same experiment for the comparison. Final weight increase of the active carbon was 570 mg; it was about 4 times of the sample A. The sample kept increasing in weight, even after the seven hours passed.
3・3 Porosity Figure 6 shows the relationship between the final weight increase of the samples and porosity. Regarding to the sample A, not only the weight increase but also the porosity were the biggest among all of the samples. However, the sample F having the second biggest porosity showed the smallest in weight increase. Thus, we should not easily explain the mechanism of weight increase from only the values of porosity.
3・4 BET surface area Figure 7 shows the relationship between the final weight increase of the samples and their BET specific surface areas before the experiment. As the surface area increased, the final weight became larger without exception. We found that the relationship between them is positive. However, the relationship was not linear.
3・5 Distribution of pore-diameter Figure 8 shows pore diameter distribution of the samples. It is note worthy that the samples A, E and F had peaks of pore diameter. The peak of the sample E was about 70 nm in diameter; this was too small to catch the particles generated by the joss stick. Conversely, the peak of the sample F was 7 × 10 4 nm (70 m) in diameter. This was too large; 2-order larger than the generated particles, to collect the particles. The peak of the sample A was 1 to 10 m in diameter (see gray part in the Fig.8) ; it was just 1 order larger than the particle generated. It was most effective for collecting the particles. This was most likely caused by the increased contact frequency between pore wall and the floating particles. Remember that the sample E; having the second peak in the range of 1 to 10 m, showed the second largest weight increase due to adsorption. From these results, we conclude that the pore from 1 to 10 m will be most effective for collecting the EAF dust with nanometer size.
According to the major database, some reports were addressed to the relationship between the pore size and the particles filtered. In using an active carbon for adsorption (Sanada et. al., 1992) , most effective pore diameter of the active carbon is 1 nm for the gas, and 10 nm for the liquid adsorption. Whereas, diameter of gas molecule is 0.1 nm and liquid, 1 nm order. From this fact and the results obtained in this study, we can conclude that an empirical rule; the one-order-larger pore is most effective for the particle collection, is also available for the solid particle collection. Figure 9 shows a structure model of various samples adsorbing the simulated EAF dust. The pore size was categorized into the three; large pore over 10 m, middle pore from 1 to 10 m and small pore less than 1 m. This figure shows the phenomena that the carbonized RDF, with more middle size pore, was most effective for collecting the dust, in contrast the graphite, with less middle size pore, was not good for the dust adsorption. Figure 10 shows a typical SEM photograph of the inside of BF coke particle, which was employed in the preliminary hot experiments for the coke filter. In the experiment, fume / dust was generated in the practical electric arc furnace (EAF) of 10 ton scale and was introduced to the coke bed filter to the EAF without cooling. After the particle obtained was physically cut, then the inside was recorded with a camera. It clearly shows an evidence that fume's size is 10 to 100 nanometer order, and they are agglomerated and is collected within the particle in fact.
4．Conclusions
The adsorption rate of submicron particles of joss stick smoke; 0.4 m in average diameter, with carbonaceous materials was experimentally studied at the atmosphere of combustion waste gas with six kinds of carbonaceous materials, for developing the coke bed filter of EAF dust. The following conclusion was obtained;
1. SEM photographs showed that submicron particles were mainly attached within the sample, not on the surface.
2. The order of the adsorption property of the sample was:
A ≫ E > D = B = C ≧ F 3. The weight gain of samples was related to BET specific surface area rather than porosity; moreover, the pore size of samples from 1 to 10 m was most effective for capturing the submicron particles. 
